o-Phthalic acid is a precursor used in the manufacture of phthalate esters, which are used principally as plasticizers of vinyl products. Phthalate esters, which can make up 40% of the weight of some plastic materials, are produced in excess of 1010 lb (4.54 x 10'2 g) per annum (9, 11) . Considerable studies have been carried out on the toxicity of phthalate esters, which have been labeled as environmental pollutants (2) . In recent years, several reports on the biodegradation of phthalate and phthalate esters have appeared. They show that in addition to the pathways delineated for fluorescent (14) and nonfluorescent (12, 15) 160, p. 126) . Protocatechuate 3,4-dioxygenase from Pseudomonas fluorescens PHK has been purified to homogeneity (4, 13) , and several of its properties show that it is distinct from the enzyme from P. aeruginosa. Nakazawa and Hayashi (12) studied phthalate metabolism in a P. testosteroni strain and reported the purification and some properties of 4,5-dihydroxyphthalate (DHP) decarboxylase, a key enzyme in the degradation of o-phthalate (Fig. 1) . The isofunctional decarboxylase in the phthalate pathway of P. fluorescens has also been purified and characterized and is the subject of this report.
( Enzyme assay and purification. For routine monitoring of DHP decarboxylase activity during enzymne purification, CO2 measurements were too time-consuming. Therefore, a coupled assay was used for the determination of DHP decarboxylase activity. Activity was assayed by measuring oxygen consumption with a Clark electrode at 30°C in a reaction mixture containing 2.8 ml of buffer A, 25 p.l of 25 mM DHP, and 10 to 100 p.l of enzyme. A crude extract of protocatechuate 4,5-dioxygenase was included to provide an excess of protocatechuate 4,5-dioxygenase. This allowed a quasiquantitative assay of DHP decarboxylase, as the oxidation rate of protocatechuate, the product of decarboxylation, was shown to be in excess of decarboxylase activity. Assays of purified decarboxylase measured the differences between the substrate and product spectra at 230 nm. One unit of activity was defined as the consumption of one micromole of 02 or substrate per minute per milligram of protein (12) at 30°C. Ammonium sulfate fractionation (13) and column chromatography were conducted at 0 to 4°C.
Polyacrylamide disc gel electrophoresis. The procedures described by Cooksey (5) were used for electrophoresis at pH 8.6 with 7.5% polyacrylamide gels. Gels were stained for protein by immersion in 0.25% Coomassie h and destained in 7.5% acetic acid. The sample was reduced with mercaptoethanol in the presence of sodium dodecyl sulfate (SDS) at room temperature before electrophoresis was done to dissociate the subunits.
Molecular weight determination by gel filtration. The molecular weight of purified DHP decarboxylase was determined by gel filtration on a column of Sepharose 6B with RNase, chymotrypsinogen, ovalbumin, aldolase, glutamate decarboxylase, and urease as the standards, in accordance with the method of Andrews (1) .
RESULTS
Purification of DHP decarboxylase. All the DHP decarboxylase, protocatechuate 3,4-dioxygenase, and phthalate 4,5-dioxygenase activities were found in the 40 to 65% (NH4)2SO4 precipitate prepared by the addition of a saturated solution to the crude extract (13) . After the precipitate was isolated in and dialyzed against buffer A, the protein fraction was applied to a DEAE-cellulose column (DE-52; bed volume, 220 ml) equilibrated with the same buffer and was eluted with a linear gradient of KCl (0 to 0.3 M in buffer A; total volume, 1 liter). Fractions eluting between 0.3 M and 0.1 M KCl were pooled and were shown to contain substantial amounts of protocatechuate 3,4-dioxygenase, as before (13) . An affinity chromatography method was developed to separate DHP decarboxylase and protocatechuate Fine Chemicals) . The pooled DEAE-cellulose column eluate was dialyzed against 5 mM phosphate buffer (pH 6.8) and applied to the ligand-treated Sepharose 4B column (11 by 1.5 cm; bed volume, 19.5 ml). The pooled eluate was eluted with 50 mM KCl (300 ml) and then with buffer A containing 100 mM KCl (250 ml). DHP decarboxylase activity was found in the 100 mM KCI fractions (Fig. 2) . Protocatechuate 3,4-dioxygenase activity was found in the 50 mM KCl fractions, which were purified to homogeneity and studied separately (13) . The active 100 mM fractions were pooled and concentrated. Table 1 shows the quantitative data on the purification of DHP decarboxylase. A ca. 120-fold purification of DHP decarboxylase was obtained from the crude extract.
Molecular properties of DHP decarboxylase. The purified enzyme preparation produced six protein bands with a gradation of intensity decreasing from the largest to the smallest. When the same sample was subjected to SDSpolyacrylamide disc gel electrophoresis after reduction in On the basis of filtration through Sepharose 6B, an apparent molecular weight of 420,000 was estimated. On the basis of SDS-polyacrylamide disc gel electrophoresis, a molecular weight of 66,000 was estimated. Thus, it can be tentatively assumed that these data and the appearance of six protein bands in the polyacrylamide gels are consistent with DHP decarboxylase possessing identical subunits which readily dissociate under some conditions. The activity, however, was only associated with the 420,000-molecular-weight fractions from the Sepharose 6B eluate.
The purified enzyme was colorless and showed an ultraviolet spectrum with Xmax at 280 nm in buffer A.
Enzymatic properties of DHP decarboxylase. The optimum pH was ca. 6.8 with phosphate buffer. The apparent Km and Vmax for DHP were estimated to be 10.4 ,uM and 9 U/mg of purified enzyme from Lineweaver-Burk plots, respectively.
The inhibition of DHP decarboxylase activity by some standard compounds is shown in (Fig. 2 ) from phthalate-grown P. fluorescens PHK cells. The purified DHP decarboxylase preparation produced a single protein band upon SDS-polyacrylamide disc gel electrophoresis after reduction in the presence of SDS. The same preparation yielded six bands after nondenaturing polyacrylamide disc gel electrophoresis. Similar observations were made for purified DHP decarboxylase from phthalate-induced cells or a protocatechuate 4,5-dioxygenase-deficient mutant ofP. testosteroni NH 1000 by Nakazawa and Hayashi (12) . Their purified DHP decarboxylase preparation, like ours, produced several bands upon polyacrylamide disc gel electrophoresis, but a single band was obtained after reduction and treatment with SDS. Therefore, DHP decarboxylases from both species appear to be similar in their ability to associate and dissociate as multimers. The homo- geneity of DHP decarboxylase from P. fluorescens, however, was not extensively studied. It may be possible that the purified preparation contained contaminant proteins with the same mobility upon SDS-polyacrylamide disc gel electrophoresis. The apparent molecular weight of the native enzyme as determined by Sepharose 6B filtration was 420,000, which was higher than that of the P. testosteroni enzyme, which was 150,000 (12) . As the enzyme reduced in the presence of SDS had a molecular weight of 66,000 as determined by SDS-polyacrylamide disc gel electrophoresis, it was tentatively assumed that DHP decarboxylase from P. fluorescens consists of six similar subunits, in contrast to DHP decarboxylase from P. testosteroni, which has a subunit molecular weight of 38,000 (12) .
